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FOREWORD

E Shortly after submitting this report for publication, Larmon Isom

1 departed this life. His years of dedicated work in the Guidance and

' Control Directorate of the US Army Missile Command are fondly recalled
and appreciated by his associates. This report documents his final
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I. INTRODUCTION

The US Army Missile Command (MICOM) is engaged in a research program to
develop an advanced guidance and control system for future (1990°'s) Army
modular missiles. Principal investigators have defined several technical
areas in which government and contractor personnel are contributing to the
overall program objectives. One of these technical areas is the Disturbance
Accommodating Control (DAC) theory and the design of discrete-time disturbance-
accommodating controllers for discrete-time, sampled-data control problems.

The DAC method of design, using a combination of waveform-mode distrubance
modeling and state-variable control techniques, was developed by
Dr. C. D. Johnson of the University of Alabama in Huntsville. As a tool for
design of controllers, the DAC approach permits three primary modes of
distrubance accommodation: (1) cancellation (absorption) of disturbance
effects, (2) minimization of dist;\x’:rbance effects, or (3) constructive utiliza-
tion of the disturbances as an aid in accomplishing the primary control task.
These disturbance accommodations are realized in addition to the usual control
efforts required to satisfy system performance requirements without
disturbances.

This report describes the digital computer implementation and the results
obtained from the design of a discrete-time disturbance-accommodating
controller. The digital computer implementation and the results presented in
this report were obtained by using the disturbance cancellation mode of the
discrete-time DAC design on a linnar, time-invariant plant. The controllers
obtained via this design method are termed disturbance abeorption controllers
for regulating the plant state to zero.

II. DIGITAL COMPUTER IMPLEMENTATION

This section of the report presents the details of the discrete-time DAC
program design method. The first section presents the equations of the total
system to be implemented. However, these equations may be considered to con-
sist of three groups: (1) continuous-time disturbances, (2) continuous-time
plant (system), and (3) discrete-time DAC. The second section presents the

FORTRAN program implementation of this DAC design method for execution on the
PDP-11/34 digital computer.
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A. THE DAC DESIGN EXAMPLE

The discrete-time DAC design program example to be considered is a
regulator problem that involves a first-order controlled plant acted upon by a
constant piecewise disturbance. The complete block diagram of the continuous-
time system (plant) with the continuous-time DAC design is as shown in
Figure 1. From the block diagram, the following equations may be immediately

written.

For the piecewise disturbance,

at

wit) = c.e ' (1) :-
For the first-order plant (system), é
b =
x(t) = ax(t) + b UmD + fw(t) (2) 3
z(t) = P x(t) dt + 200 ' (3) ;
yt) = c x(t) (4) *

For the discrete-time DAC controller design,

cf(edT e aT)

dr ( aT
bla - d) e (e -1)

U(nT)
+ oG - A7) n

y(n) = y(t) (5)
TMP1L = [edT @ - d) y(nT)]/ ef [(edT - eaT)] (6)
U = KymD/e (7)
p ;
. ]
g(nh) = [-E.-] Efin + 1T] - (8) g
z2(nD) = E(nD) - TMPL (9) :
5 i
uy = lafribia - a1 l(edT - AT - 1)' 2 (n7) (10) ;
Ui = U+ Uy (11) ,
{
_ (@ +d7T !
Ef(n + 1)T] =Fa d) e ]yMﬂ :
;
!

(12)




ORGANIZATION OF PLANT AND DISCRETE-TIME OBSERVER

w(t) '
u(nT) = u(t) PLANT y(t) ;
ﬁ?‘* >
Jdy1cC B
x(nT) 1 X(nH)T)
- — K
u(nT) 1 E o1
# A i Z(nT)
A A . J N y(t)
N} e x{(nT) c Ve s/ ol
LAWRO | N
L . Y\ ean
) IC
z(nT) [ 1z((n+)D)
E | Koz |
A
= NOTE: 1 = T-unit delayor
D | E
BLOCK w(t) = ¢y
DIAGRAM
u(nT) x(t)
o f S . y() o—)
_J a
T e e e o e —_— e —— — —— ——
| +—> u(nT) y(nT) '
K 54
l A up ’ |Tv
P £ [1 . (e
] aT 3
| I T —uq E f + LS Cf(l—:aﬂ( '
| £ (n+1)T) y(nT) l
f
| Y% <
o — e — o
w(nT) = z(aT) DAC Controller
NOTE: To achieve plant deadbeat response, design k as:
aT
ae
foo T o
b(l-e )

Figure 1. Organization and block diagram of problem.
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where K = K, = aeaTy b(l - eaT) (13)

IR

E a unit delayer (14)

=1

Observe that there are three cases to be considered in the use of
Egqs. (6), (10), and (12). These three cases are as follows: (1) where d = o0,
(2) where d = a, and (3) where neither case (1) or (2) applies. These cases
are considered in the DAC program implementation by using the FORTRAN IF

statement.

Note that the disturbances w{t) have been experimentally modeled and

found to obey a first-order equation of
w(t) = =z(t) (15)
.
2 = dz + o(t) (16)

where the (real) coefficient d is assumed to be known. Now, the disturbance

model (given by Eq. (1)) is

w(t) = cieat (17)

where o is any arbitrary (real) scalar constant. This implies that

z(t) = c.e“t (18)
1
a(t) = acieot = dz(t) (19)

Therefore, o = d, which may be obtained from these relationships as shown.

By setting d = 0, the case of constant disturbances is obtained; setting

d > 0 yields the case of exponentially growing disturbances; and setting d < 0

yields the case of exponentially decaying disturbances. Thus, this permits a
wide range of realistic disturbances to be utilized in the design process of
high performance digital controllers.

flso, the,aboze equations have been written in the mathematical notation
of Reference 1 as utilized by Dr. Johnson., Table 1 is shown as an aid to
understanding the notation of the above equations and their usage in the
FORTRAN DAC program implementation; this implementation is desecribed in the

next section.
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TABLE 1. A CROSS INDEX OF VARIABLES
VALUE USED
MATHEMATICAL FORTRAN IN
SYMBOL SYMBOL CASE 1 MEANING AND/OR USAGE
;1, a A 1.0 Coefficient of x (%)
a AWT 0.0 Coefficient of e”
i‘, b B 1.0 Coefficient of plant equation
c ¢ 1.0 Coefficient of plant output
Cy CWT 1.0 Coefficient of Ce®
D D Calculated Same as AWT
dt DT 1/64 Integration interval
f F 1.0 Coefficient of disturbance
- ICK 1.0 Case number parameter
- ITP 0.0 Print interval
k .4 Calculated Equation (13)
- KUTTA Calculated Integration control parameter
-~ NX 1.0 Number of variables to integrate
T ST 8 « DT Sample interval
t T 0.0 Time
- TMP1 Calculated Equation (6)
-~ TsTop 1.0 Time to stop
U d Up Calculated Equation (10)
UnT) = U(L) UNT Calculated Equation (11)
Up P Calculated Equation (7)
w(t) wT Calculated Equation (1)
z(t) T Calculated Equation (2)
£lin + 1)T) XINPT Calculated Equation (12)
£ (nT) XINT Calculated Equation (8)
z(t) XxT Calculated BEquation (3)
ynD) INT Calculated Equation (5)
y(t) yr Calculated Equation (4)
2(n7) ZHNT Calculated Equation (9)
- 14 Calculated Array of graphical plot variables
1/F - - Used to denote a unit delayer
e EXP Natural logarithmas in Eq. (1)
9
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B. THE PDP 11/34 PROGRAM(S)

This section of the report describes the digital computer implementation
of the first-order system (plant) with a constant piecewise disturbance and
the associated designed discrete-time DAC controller. These programs have
been programmed in the FORTRAN programming language for execution by a
PDP 11/34 digital computer and its operating system software. A listing of
the main program is as shown in Figure 2, which contains the equations given
in the previous section of the report for the constant piecewise disturbance
model, the first-order plant (system) model, and the discrete-time DAC
controller desion model. Also contained in this listing are the equations and
necessary statements for the initial conditions, values of variable parameters,
and control of the program during execution.

The required plant differential equations (one in this case) are
integrated by the fourth-order Runga-Kutta integration scheme as contained in

its listing shown in Figure 3. This very familiar and widely used integration

scheme is
Ype1 Y, * —é— (ko + zkl + 2k2 + k3) (20)
where kO = h - fcrn, yn) (21)
Ky = B fle, + 3 h yn+%-ko) (22)
k, = h-fxn+%h,yn+-;—k1) (23)
ky = k- f(xn +hoy + k2) (24)

Table 1 is a cross index of the variables contained in the block diagram
(Figure 1 and the mathematical equations written from the block diagram) and
the FORTRAN program variable names contained in the listings of the designed
discrete-time DAC digital computer implementation. Also, Table 1 presents the
value of the variables as used in the execution of the DAC program for case 1.

The graphical plots of the dependent variables versus the independent
variable time for the designed DAC controller program were obtained by the
execution of the plot program as shown in the listing of Figqure 4. A legend

10
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0001

0002
0003
0004

0005
0006
0007
0008
0009
0010
0011

0012
0013
0014
0015
0016
0017
0018
0019
0020
0021

0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
00446
0047
0048
0049
0050
0051

00352

C Xxkx
C xkx
C xkx

60

DAC PROGRAM EXAMFLE NUMBER 1. .
FIRST-ORDER SYSTEM WITH A CONSTANT DISTURBANCE.
UNSTABLE SYSYTEM

REAL K

COMMON KUTTA» DTy NXy» XTs XDTy YT
DIMENSION V(12)

DATA A/1.0/

DATA B/1.0/

DATA C/1.0/

DATA F/1.0/

DATA UNT/0.0/

NX = 1

T = 0.0

‘DT = 1.0/64.0

TSTOP = 1.0

ITP = O

ST = 8.0%DT

XINPT = 0.0

PRINT 1021

PRINT 20

READ(5+21) ICN

WRITE(2) ICN

PRINT 23

READ(5,1040) XT

PRINT 80

READ(S5,1040) CWT

PRINT 81

READ(S5»1040) AWT

D = AWT

PRINT 1020

CONTINUE

DO 51 KUTTA = 1,4

YT = Cx¥XT

GO TO (460+50,30540) KUTTA

CONTINUE

IF(MOD(ITP,8) .NE. 0) GO TO 62

V(1) = XT

V(2) = YNT

v(3) UNT

V(4> [1)1]

V(s> upP

V(&) XINT

V(7 XINPT

w(a) TMP1

V(9) ZHNT

V(10) = XDT

V(11) = WT

V(12) = T

WRITE(2) V

K = AREXP(AXST)/(BX(1.0 - EXP(AXST)))
INT = YT

IF(D +EQ., 0.0) TMP1 = ARYNT/(CXFX(1,0-EXP(AXST)))
IF (D .EQ. A) TMP1 = —((EXP(DRSTIRYNT)/(CXFERSTREXP (AXST)))
IF(D NE. 0.0 .AND. I «NE. A) TMP1 = EXP(DXSTIR(A-D)XYNT/ (CXFX(EXP
1(D%ST) - EXP(AXST)))

UP = (K/C)RYNT

Figure 2, Listing of the DAACP1l main nrogram.
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0053
0054
0055
0056
0057

0058

0059
0060

0061

.

0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076

T ————

0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095

0096
0097
0098

D

XINT = XINPT
ZHNT = XINT ~ TMFl
IF(D .EQ. 0,0) UD = -(F/B)XZHNT

IF(D JEQ. A) UD = (AXF¥STREXF (AXST)IXZHNT)/ (BX(1.0-EXP(AXST)))

IF(D NE. 0.0 .AND. It .NE. A) UD = (AXFX(EXP(DXST) ~ EXF(AXST))*ZH

INTY/ (BRCA-TD X(EXF (A%XS5T)-1.0))

UNT = UP + UD

IF(T +LT. ST) UNT = UF

IF(D .EQ, 0.0) XINPT = EXP(AXSTIXTMF1 -~ (B/F)XUNT

IF(D JEQ. A) XINFT = —(EXF((A+INXSTIKYNT )/ (CAFRSTXEXP (AXST)) -
1 (BXEXP(DASTIX(EXP(AXST) - 1.0)KUNT)/ (AXFRSTXEXF (AXST))

IF(D NE. 0.0 .AND. I .NE. A) XINPT = ((A-D)REXFP((A+D)XSTIXRYNT)/(C
1XF X (EXF(DRST)-EXF (A%XST)))) + (BX(A-D)XEXP(DXST)XK(EXP(AXST)-1.0)%U

2NT) / (AXFXEXF (DXST)-EXF (A%XST))
62 CONTINUE

WT = CWTXEXF(AWTXT)

XDT = AXXT + BXUNT + FXWT

IF(MODCITP,04) JNE. O0) GO TO 61

PRINT 1010y T» XDT» XTs YNT

PRINT 1010y UF» UDy UNT> TMP1

FRINT 1010y XINFT» XINT» ZHNTs, Ky WT

PRINT 1021
é1 CONTINUE

V(1) = XT
V(2) = YNT
V(3) = UNT
V4) = UD
V(5) = UP
V(8) = XINT
V(7) = XINPT
v(g) = TMP1L
V(9) = ZHNT
V(10) = XDT
V(11) = WT
ue12) = T
WRITE(2) V

30 T =T + 0.50%DT

40 CONTINUE

S50 CALL RUNGK

51 CONTINUE
ITP = ITP + 1
IF(T .LE. TSTOP) GO TO ¢
PRINT 1030y DTy STy WTy XT
STOP

20 FORMAT(/»T12y 'DAC PROGRAM #1» CASE #'+%)

21 FORMAT(I2)

23 FORMAT(T12, "INPUT XT = ‘»%)

80 FORMAT(T12y 'FOR EXPONENTIAL DISTURBANCE(S):’ v/
1T129INPUT CWT = ‘»8)

81 FORMAT(T12y"INPUT AWT = “,9)

1010 FORMAT(S(AX,E$12.5))
1020 FORMAT(/»/+T12» ‘DAC PROGRAM EXAMPLE NUMBER 1.9/,T12,

1°0UTPUT FORMAT s/9/»
28Xy ‘TIME s 12Xy ‘XDT /3 13Xe ‘XT = YT/ s9Xs 'YNT’ v/
38Xy ‘UP 7 912Xs’UD  “»12X2 "UNT 912Xy "TMP1“ 9/
ABX s ‘XINPT p11X» 'XINT 912Xy “ZHNTy12% K ‘912X 'WT 2 /)
Figure 2, Listing of the DAACP1 main nrogram (Cont'd).
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0099
0100

0101
0102

PROGRAM
NAME

$CODE1
$PDATA
$IDATA
$VARS

STEMPS
8888,

VT P e e

1021 FORMAT(1H )

1030 FORMAT(/»
1/INTEGRATION SCHEME:
2/INTEGRATION STEP SIZE:

3/SAMPLE INTERVAL! ST = “»yE12.5+/+T12
4’DISTURBANCE: WT = ‘sE12.5+/,T12y
S/EQUATION FOR UNT: UNT = UFP + UD’s/»T12,

6'STEADY STATE OUTPUT!?

1040 FORMAT(F10.4)

END

SECTIONS
SIZE ATTRIBUTES

003330 876 RWyI,CONyLCL
000012 S5 RWsDyCONsLCL
001050 2764 RWsDyCONsLCL
000204 66 RWsD,CONsLCL
000010 4 RWsDyCONsLCL
000024 10 RWs Dy OVRyGBL

TOTAL SPACE ALLOCATED = 004652 1237

Figure 2,

Listing of the DAACP1 main program (Concluded).
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T12+'CASE PARAMETERS !’ »/+T12y
RUNGA-KUTTA ATH ORDER‘v/»T12,y
DT = “yE12.5¢/+T12»

X(T) = ‘»E12.59¢/9/v/)
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- — SR - R
H
0001 SUBROUTINE RUNGK
0002 COMMON KUTTA» DTy NX» Xy DX
0003 DIMENSION X(1)y DX(1)s XA(1)y DXA(1)
0004 GO TO (10+30,50s70) yKUTTA
0005 10 DO 20 I = 1,NX ‘
0006 XAC(I) = X(I) '
0007 DXA(I) = DTXDX(I)
0008 20 X(I) = X(I) + 0.SXDXACI) s
0009 RETURN )
0010 30 TDT = 2.0%0T
0011 HDT = 0.SXDT
0012 DO 40 I = 1,NX
i 0013 DXACI) = DXACI) + TDTXDX(I)
; 0014 40 X(I) = XA(I) 4 HDTXDX(I)
.. 0015 RETURN
ﬁ 0014 S50 DO 60 I = 1,NX
' 0017 VDT = OTADXCT)
0018 DXA(I) = DXACI) + 2.0%yDT o
0019 60 X(I) = XA(I) + VDT 4
, 0020 RETURN 3]
i 0021 70 DO 80 I = 1sNX ¥
0022 80 X(I) = XACI) + (DXACI) + DTXDX(I))/6.0 il
0023 RETURN 5|
0024 END g
3
1
PROGRAM SECTIONS i
i
NAME SIZE ATTRIBUTES '
$CODE1 000510 144 RWsI»CONsLCL |
$PDATA 000012 5 RWsD'y CONsLCL |
SVARS 000024 11 RWyDsCONsLCL |
8888, 000020 8 RW»D»OVRyGBL |
|
|

TOTAL SPACE ALLOCATED = 000570 188

Figure 3. Listing of Runga-Kutta integratfon routine.
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
00351
0052
0053
0054

C %x%% GENERALIZED PLOTTING FROGRAM - FOR DACS.
DIMENSION V(12) .
DIMENSION PT(10235)

DIMENSION PXT(1025)
INTEGER®2 DRAW, LOOF
REWIND 2
READR (2) ICN
PRINT 22, ICN
PRINT 100
PRINT 32
PRINT 23
READ(5,21) DRAW
IF(DRAUW .EQ. ‘Y’) CALL HDCOPY
CALL ST7611
CALL INITT(240)
DO 20 J = 1,12
REWIND 2
PRINT 30
READ (S5s31) NOP
READ (2) ICN
CALL NEWPAG
PRINT 122y NOP, ICN
DO 10 I = 1,1025
READ(2/,END=66) V
PT(I) = V(12)
PXT(I) = V(NOP)
NP =1
10 CONTINUE
66 CONTINUE
CALL BINITT
CALL NPTS(NP)
CALL SYMBL(1)
CALL SIZES(0.30)
CALL CHECK(PT,PXT)
CALL DSPLAY(PT,PXT)
CALL MOVABS(100,50)
CALL ANMODE
PRINT 23
READ (5,21) DRAW
IF(DRAW .EQ.  ‘Y’) CALL HDCOPY
CALL NEWPAG
PRINT 33
READ(S5y21) LOOP
IF(LOOP .EQ. ‘Y’) GO TO 20
CALL HT7411
REWIND 2
sSTOP
20 CONTINUE
21 FORMAT(AL)
22 FORMAT(T12,'DAC PROGRAM #1; CASE #’',I2)
122 FORMAT(T1S5y‘PLOT NO. ‘sI2,‘’% DAC PROGRAM #1, CASE #//91I2+.’)
23 FORMAT(1Xr ' %X‘v$)
30 FORMAT(/>/+1%» ‘ENTER # OF PLOT(S) WANTED (UP TO 12) “»$%)
31 FORMAT(13)
32 FORMAT(1Xys'AFTER STAR APPEARS ON THE DISPLAY’»/9s1X»
1’ENTER A .Y. AND A .CR. TO DRAW A HARDCOPY OF THE DISPLAY.’)

Figure 4. Listing of the granhical plot program,
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0055 33 FORMAT(/y/+‘ ANY MORE GRAPHS? ‘,$)
0056 100 FORMAT(/»/yT12y ‘LEGEND TO THE FLOT(S)!’s/,T12y
K e e e e e ‘v/9T12y
1/PLOT NO. 1! - X(T) VERSUS TIME.’»/»T12,
2/PLOT NO. 22 - Y(NT) VERSUS TIME.’s/»T12,
3’PLOT NO. 3: - U(NT) VERSUS TIME.’s/sT12, |
A‘PLOT NO. 4% - UD VERSUS TIME.’s/sT12,
S’PLOT NO. 5! - UP VERSUS TIME.’s/sT12,
&'FLOT NO. &% - XINT VERSUS TIME.’»/»T12y .
7PLOT NO. 7! - XINFT VERSUS TIME.’s/»T12y :
8/PLOT NO. 8! - TMF1 VERSUS TIME.’s/sT12,
9’PLOT NO. 9! - ZHNT VERSUS TIME.’s/sT12,
A’PLOT NO. 10! - XDT  VERSUS TIME.’s/sT12, |
B'PLOT NO. 11! - W(T) VERSUS TIME.’s/sT12y i
C’PLOT NO. 12¢ - TIME VERSUS TIME.’s/v/s/) Af
0057 END ;1
Y
PROGRAM SECTIONS i
1|
NAME SIZE ATTRIBUTES £ |
4
| $CODE1 001152 309 RWs I,CONsLCL £
| $PDATA 000024 10 RW»D»CONsLCL il
$IDATA 001452 405 RWsDyCONsLCL 2|
$UARS 020106 4131 RWsD»CONyLCL ey
i
i

TOTAL SPACE ALLOCATED = 022756 4855

IO

Figure 4. Listing of the graphical plot program (Concluded).

N e

16




to the graphical plots capable of being output by this plot program from the
DAC controller program is shown in Table 2.

C. PROGRAM EXECUTION

This section of the report presents the necessary operating system software

R A

eontrol commands for the PDP~11/34 digital computer to execute the designed DAC

s -

controller program implementation. Before the program--any program, for that

Kl

matter--can be executed by the PDP-11/34 computer, a task for the program must
be cfeated. Therefore, included in this section will be the necessary control
commands to create the task of the discrete-time DAC controller program
described in the previous sections of this report. '

The following assumptions are assumed concerning these control commands:

1. The operating system has been booted in the computer.

2. The proper user identification code (UIC) has been set.

3. The program(s) exists on the dis% pack in source code. (The program
name is DDACP1.FTN.)
Then the control commands contained in Table 3 may be input to the operating
system by the terminal operator onto which the operating system is logged in

to create the task for the DDACPl.TSK program.

To execute the task of DDACP1.TSK at the present session, or any future
session, the operator must input the control commands shown in Table 4 onto oy
the input terminal.

A similar list of control commands must also be input for the graphical
plot program. However, this source and task program is given the file name
DACTKP. 1t is further assumed that the DACTKP task is logged in by the user
onto the graphics display terminal (device TT1l:). This list of commands is
as shown in Table 5.

III. RESULTS OF EXECUTION

This section of the report presents the results of the DAC design example
implementation and its execution by the PDP-11/34 digital computer. The out-
put resulting from the FORTRAN READ and WRITE statements are as contained in
Figure 5. These results are also contained in the plots of the variable ver-
sus time as shown in Figures 6 through 17. The significance of the symbol 0
on the plots (graphs) is that the symbol appears at every DT seconds; that is,
when the value of Kutta = 1.
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TABLE 2. LEGEND TO THE GRAPHICAL PLOTS

LEGEND TO THE PLOT(S)!

PLOT NO. 13 - X(T) VERSUS TINME.

XDT  VERSUS TIME.
U(T) VERSUS TIME.
TINE VERSUS TINE.

%
PLOT NO. 21 - V(NT) VERSUS TINE. 3
PLOT NO. 3: - UCNT) VERSUS TIME. 5
PLOT NO. 4t - UD  VERSUS TINE. 4
PLOT NO. 3 - UP  UERSUS TINE. 3
PLOT NO. 6% - XINT VERSUS TIME. ;
PLOT NO. 7: - XINPT VERSUS TIME.
PLOT NO. 8: - TAPL VERSUS TIME.
PLOT NO. 91 - ZHNT UERSUS TIME.

PLOT NO. 123
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TABLE 3. A TYPICAL LIST OF TASK CREATION COMMANDS

F4P DDACP1.0BJ = DDACP1.FTN b
TKB DDACP1.TSK = DDACP1.OBJ
PIP DDACPL.*;*/PU

PIP DDACP1.0BJ;*/DE

PIP DDACP1.*;*/LI

. SER

TABLE 4. A TYPICAL LIST OF TASK EXECUTION COMMANDS

INS DDACP1
LUN DDACP1
REA DDACPl 5 TI:
REA DDACP1 6 TI:

LUN DDACP1

RUN DDACP1

PIP FOR002.*;%*/PU
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TABLE 5. GRAPHICAL PLOT PROGRAM TASK CREATION COMMANDS

>F4P DACTKP.OBJ*DACTKP.FTN,NEUPAG.FTN

>TKB
TKBYDACTKP.TSK=DACTKP.0BJ,L277,4]AG2.0LB/LB
TKB>/

ENTER OPTIONS?

TKBY>ASG = TT1:4

TKBYXASG = TT1X\X\16

TKBYASG = TT1:S

TKB>77

>

T R




IAC FRIOGRAM #1.»
INFUT XT

= 1.0

CNASE #1

FOR EXFONENTIAL DISTHRPANCE(S)!
INFUT CWT = 1.0

INFUT AWT

= 0.0

DAC FROGRAM EXAMFI.E NUMEER 1.
OQUTFUT FORMAT?

TIME
UF
XINFT

0,00000E+00
-0.85104E+401
0.75104E+401

C.62500E-01
-0.85104E+01
0.75104E+01

0.12300E+400
D 72467E401
0.11153E401

0.18730E400
0.724587E+01
0.11153E+01

0.25000E+00
0.18912E4+00
0.94837E+400

0.31250€400
0.189212E+00
0.94837E+00

0.37500E+00
-0.,56467E-01
0.99820E+00

0.43750E+00
~0.56467E-01
0.99820E+00

0.350000E+00
-0.24832E-02
0.10004E+01

0.56250E+00
~0.24832E-0D
0.10004E+01

Figure 5.

XDy
un
XINT

-0.14021E£+02
~0.75104E+401
0.00000E+00

~0.14918E+02
~0.75104E+01
0.,000C00E+00

0.862799E+401
=0.11153E4+01
0.75104E+401

0.66817E+01
-0.,11153E+401
0.75104E401

0,21853E+00
-0.94837E4+Q0
0.11153E+01

0.23251E+00
~0,94837E+00
0.11153E+01

-0+ 48036E-01
-0.99820E4+00
0.94837E+00

~-0.51109E-01
-0.99820E+00
0.94837E+00

-0.25864E-02
-0.10004E+01
0.99820E+400

-0.27518E-02
-0.10001E+01
0.99820E+00

XT = YT
UNT
ZHNT

0.100C0E+01
-0.16021E402
0.75104E401

0.10294E+00
~D.16021E4+02
Q. 75104E401

-0.85150E+4+00
0.61314E+01
0.11153E401

~0.44972E+00
0.61314E+401
0.11153E+01

-0.,22322E~-01
~Q.75928E4+00
0.94837E4+00

-0.82408E-Q2
~0.,75925E4+00
0.94837E+00

0.646351E-02
~0.10547E401
0.99820E+0¢

0.35518E~-02
-0.10547E+4+01
0.99820E+00

0.29179E-03
-0.10029E4+01
0.10004E+01

0.12631E-03
~0.,100292E+401
0.10004E+021

execution, case f1.
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YNT
TMF1
K

0.10000E+01
-0.75104E+01
-0.85104E401

0.10000E+01
-0.75104E4+01
~-0.85104E401

~-0.85150E+4+00
0.63951E+4+01
~0.85104E401

~-0.85150E+00
C.63951E+4+01
-0.85101E401

-0.22222E-01
0.164620E4+00
-0.85104E4+01

~0,22222E~01
0.18620E+00
~-0.85104E+01

0.66351E-02
-0.49832E-01
~0.85104E+01

0.66351E-02
-0.,49832E-01
~0.85104E+01

0.,29179E~03
=0.21914E~02
-0.83104E401

0.291796£-03
-0.21914E-02
-0.83104E+01

Listing of output results from DAC program #1

WT

0.10000E+01

0.10000E+01

0.10000E401

0.10000E+01

0.10000E+01

0.10000E+01

0,10000E+01

0.,10000E+01

0.10000E+01

0.10000E+01

oo

§
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0.62300E+00
0.42342E 03
0.10000F +C

0.68750E4+00
0.12342E~-03
Q. 10000E+01

Q. 75000F+00
0.27301E-04
0.10000E+01

0.81250E+00
¢ 273CLE-0A
0.10000E+01

0.87500E+00
=0, 29841E-05
0.10000F+01

0.93750E400
-0.29841E-05
0.10000E+01

C.10000E+01
-0.30515E~-06
0.10000E+01

Q. 35244E-03
~0,10000E+C1
C.10004E+D 1

0.37503E~-03
~0.10000E+01
0.10004E+01

Q. 24P41E~04
~0.10000E+0}
0.10000E+01

0.28670E-04
~0.10000E+01
0. 100C0E+C]

~0,23842E-05
~0.10000E+01
0,10000E+01

~0.25034E-05
=0,10000E+01
0.10000E+01

-0.35743E-06
~0.10000F+01
0.10000E+01

CASE FARAMETERS!

INTEGRATION SCHEME:
INTEGRATION STEF SIZE!

SAMFLE TINTERVAL: ST =

DISTURRANCE: WT =
EQUATION FOR UNT!:

STEADY STATE OUTPUT!

Figure 5.

nr =

=0.49753E-04
-0.992460E+00
¢.10000E4C1

-0.27202E-04
~Q+99260E+00
0.10000E+01

-0.32079E-05
~0.P9997E4+00
0.10000E+01

~0.148141E-05
~0.99927E+00
0.10000E+01

0.35064E-06
~0.10000E+0Q1
0.10000E+01

Q0.19791E-06
-0.10000E+401
0+.10000E+01L

0.35856E-07
=0+ 10000E+01L
¢.10000E+01

RUNGA-KUTTA ATH ORDER

0.154625E-01

0.12500E+4+00
0.10000E401

UNT = UP + UD

=  0.30268E-07

22

-0.492753E-04
0.37364E~-03
~0.85104E+01

-0.49753E-04
0.37366E-03
-0.85104E+01

~0,3207%9E-05
0.24093E-04
-0.85104E+01

~0.32079E-05
0.24093E-04
-0.85104E401

0.35064E-06
=0.26335E-05
-0.85104E+01

0.35064E-06
~0.26335E-05
-0.85104E+01

0.35856E-07
-0.26929E-064
~0.85104E4+01

Listing (concluded).

0.10000E+01

0.10000E+401

0.10000E+01

0.10000E+01

0.,100005+401

0.10000E+01

0.10000E+01

—————— S
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Figure 6.

Plot Na. 1 DAC program #1, Case #1.
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Figure 8. Plot No. 3, DAC program #1, Case f1.
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Figure 9. Plot No. 4, DAC program #1, Case #1.
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Figure 10. Plot No. 5, DAC program #1, Case #1.
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Figure 11.

Plot No. 6, DAC Program #1, Case #1.

28

i WE T AW

ey

b

WML gy Y ]

ORI L2 MRl G A Bl g .«




GG ot 32 R R

3 -
S e

7, DAC Program #1, Case #1.

Plot No.

0
Figure 12.

f

e TR o S S




10

-10

44

OO
LA A A o o 4

J
.

Figure 13. Plot No. 38, DAC program #1, Case #1.
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Plot No. 9, DAC program #1, Case #1.
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Figure 15. Plot No. 10, DAC program #1, Case #1.
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11, DAC program #1, Case #1.
33

Plot No.

Figure 16.

3y




Plot No.

Fipure 17.

3y

— e

— —
) - - 0 P - e ———— e e — — — e —
L e e TR SO B g TN P R M IR RN G R e g P -
f
f
3
g
—
=: N
~ @
]
L
© »
- ¢
=
==
5]
«
i Ll
1 =]
‘ o)
i 1
. 0.
W g
=
= ™
-
o
-t

DR E Ry ‘J




In addition to the previous results, other executions were performed.
These executions, along with the previous resulting execution, may be summa-
rized as in Table 6, and the resulting graphical plots output are as shown in
the Associated Figure: column in the table. Other executions have been per-
formed with similar results; however, the resulting plots appear to be of the
same general shape and form as those presented within this report.

As can be seen from the comparison of the resultant output listing and
plots of Case 1 with Case 46, the results have the same magnitudes of data
but are opposite in sign. Notice that Case 46 has the identical input data
as Case 1 except for the opposite signs; they are mirror images of each other.
Similar results have been ok:ained for other cases, such as Case 31 when

compared to Case 32, the result of which is contained in this report also.

IV. CONCLUSIONS

The study described in this document consititutes the first application
and published results of the discrete-time DAC theory to control systems.

This section of the report presents the conclusions of this study and offers
recommendations for further investigations. The present study has shown the
cancellation (absorption) of disturbance effects for the discrete-time DAC
applied to a control system for stabilization.

The digital computer implementation for the design of the DAC's arrived at
for this example problem {(using the methods developed in the appendix)
performed, in each case of disturbance, those functions which it was designed
to perform. The effects of the disturbance inputs were cancelled out by that
portion of the controller which was designed specifically to handle a given
waveform mode disturbance. Wwhen the impulse train was not of too high a
frequency, the errors erngenilered by the disturbance were settled out very well.

A unique digital computer analysis tool (DDACPl--Discrete-Time Disturbance
Accommodating Control Program 1) has been developed for implementing the DAC
control laws, the equations of the plant being controlled, and disturbance
models. Also, a graphical plot program has been developed, whereby graphical
plots of any dependent variable versus time may be obtained. Both of these
programs are highly ineractive with the computer user. Additionally, the
graphical plot program may be of benefit in obtaining plots of output data

from other programs as well as the DAC design program(s).
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TABLE 6. SUMMARY OF DAC PROGRAM

OBTAINED IN THIS REPORT

IMPLEMENTATTON EXECUTION RESULTS

—~——

ASSOCTIATED FIGURES

—

CASE XT AT

NO T=20 CWT AWT
1 1.0 1. 0.0
2 1.0 1. 1.0
3 1.0 1. 3.0
4 1.0 1.0 10.0
10! 1.0 1.0 0.0
207 1.0 - -
2 0.0 1.0 0.0
313 1.0 1.0 0.0
323 1.0 -1.0 0.0
46 -1.0 -1.0 0.0

————

OUTPUT
LISTING

5
18
22
26
30
34
46
49
60
65

GRAPHICAL PLOTS

6
19
23
27
31
35
47
50
61
66

Through
Through
Through
Through
Through
Through
Through
Through
Through
Through

1 .
WT includes a random noise between +1 input with a random number generator

subroutine.

The constant piecewise disturbance was programmed within the main discrete-
time DAC program as a function of time by the usage of the FORTRAN IF

statement.

3The program contains the statement:

IF (T . LT. ST) UNT = UP.

17
21
25
29
33
45
48
59
64
69

This statement prevents the "overshoot” in the plant (system) output
variable X, and hence, Y.

36

- gy = i e

M




Ty

e

It is suggested that future study and investigation be directed to the
following areas:

1. The non-zero set-point requlator control problem.

2. The servo-tracking control problem.

3. The design of a discrete-time DAC for a general second-order plant
(system) with a first-order disturbance.

4. The applications of discrete-time DAC to a discrete control problem.
(This would be beneficial in view of the trend toward using sampled-data and
microprocessor techniques in future designs.) These may include pointing and
tracking of designators, gun pointing, autopilot disturbance compensation

and guidance algorithm design.
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INFUT

TIME
UF
XINFT

0.00000E+00
-0.85104E+01
0.90652E401

0. 10000E+01
-0.31704E-06
0,.30563E+401

nar. FROGRAM #1»
FOR EXFPONENTIAL

INFUT CWT
INFPUT AWT = 1.0

Figure 18.

= 1.0

= 1.0

XOT
un
XINT

0. 15021E+402
~0.85104E+01
0.00000E+00

~0.15099E+4+09
~0.284622E401
e 26972F 401

CASE FARAMETERS:

INTEGRATION SCHEME !
INTEGRATION STEF SIZE!
SAMPLE INTERUNL ! ST =
DISTURBAMNCE: WT -
EQUATION FOR UNT:
STEADRY STATE OUTFUT?

CASE #2

nrT =

ety e

HISTURPANCE (S) 2

DAC FROGRAM EXAMFLF NUMERFR 1.
OQUTFUT FORMAT?

XT = o7
UNT
ZHNT

0.10000E+01

=0, 17021E407

0.80000E+01

0. 37253607

-0.28493E4+01

Qe 26972E401

RUNGA-KUTTA 4ATH ORDER
0. 1562GE-01
0. 12500E+4+00
0.27183E401

UNMT = UF + UD

- ~0.23591E-02

38

YNT
THMF 1
K

0.10000E+01
-0.,80000E+01
-0.85104E+01

0.37253E-07
~0.29802E-06
-0.85104E401

Output listing (condensed) of results, Case #2.

WT

0.10000E+01

0.27183E+01
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Figure 19. Plot No. 1, DAC program {1, Case #2.
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Figure 20. Plot No. 1, DAC program #1, Case #2.
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Figure 21. Plot No. 11, DAC program #1, Case #2.
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IAC FROGRAM #1,
INFUT XT
FOR EXPONENTINL
INFUT CWT
INFUT AWT

= 1.0

= 1.0

= Z.¢

CASE #3

DISTURRANCE (82

DAC PROGRAM EXAMFLE NUMERER 1.
OQUTFUT FORMAT

TIME
Ufr
XINFT

J7.00000E+00
2.85104E+01
J.131GSE+4Q2

7.10000E+01
2.19022E-06
J.28547£+402

XDr
un
XINT

-0.17438E+402
-0.10928E+02
0.00000E+00

-0.36272E401
~0.,23713E402
0.19620E+402

CASE FPARAMETERS?

INTEGRATION SCHEME
INTEGRATION STEF

SAMFLE INTERVAL? ST =

DISTURRANCE? WT =
EQUATION FOR UNT? UNT =

STEADY STATE OUTFUT?

Figure 22.

T e oV ety o T Y

SIZE!

XT = 7T
UNT
ZHNT

0.10000E4+01
-0.,19438E4+02
0.920416E4+01

=0.22352E~07
-0.,23713E4+02
0.19620E+02

RUNGA-KUTTA 4TH ORIER
=  0,154625E-01
0.12500E400
0.200846E+02

UF + UD

= =0,56479E-01

b2

YNT
THF1
K

0.10000E+01
-0,90416E4+01
-~0.85104E+01

-0,22332E-07
0.20210E-06
~0.85104E401

Output listing (condensed) of results, Case #3.

WwT

0.10000E+01

0.20086E+02
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1, DAC program f{1, Case #3.
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Figure 24. Plot No. 10, DAC progran #1, Case #3,
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11, DAC program #1, Case #3.

Plot No.

Figure 25.
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nnat. FROGRAM #1 -
IMFUT XT
FOR EXFONENTIM

= 1,0

INFUT CWT = 1.0
INFUT AWT = 10.0

CASE #4

DISTURRBANCE ()3

- nAC FROGRAM EXAMFLE MUMBFR 1.
© QUTRUT FORMAT

TTHE Xov XT — YT

LIF tn UNT

XINFT XINT 7HNT
0.000020E+00 ~0.32724E402 0. 10000E+01
-0.85104E+01 ~0.26214E402 =0.34724E402
0. 465146402 0.00000E+00 C.13324E402
0.10000E+01 -0.18016F+05 0.28147E~04
-0.32445E-03 ~-0.40043E+4+05 —0.40043E4+05
0.71051E405 0. 20357E405 Q. 20357E405

CASE FARAMETERS?

INTEGRATION SCHEME:?
IMTEGRATION STEF STZE:

SAMPLE INTERUAL! ST =
DISTURBANCE: WT = 0.

EQUATION FOR UNT?

STEADY STATE OQUTFUT?

Figure 26.

X(T»

RUNGA-KUTTA 4TH ORDER

=  0.15625E-01
0.12500E+00

22026E+05

UNT = UP + UD

= -0.28150E4+03

L1

YNT
THF 1
K

0.1000GE+01
~0.13326E+02
~0.85104E£401

0.38147E-04
-0.50836E~03
~0.8%5104E+01

Output listing (condensed) of results for Case f4.

WT

0.10000E+01

0.22026E405
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DAC nrogram #1, Case #4.
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Plot No.

Figure 27.
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Figure 28,

Plot No. 10, DAC program #1, Case #4,
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Figure 29.

Plot No. 11, DAC program #1, Case #4.
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Figure 31. Plot Mo. 1, DAC program #1, Case #10.
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Figure 32,

Plot No. 10, DAC program #1, Case #10.
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Figure 33. Plot No. 11, DAC nrogram #1, Case #10.
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KU SDACFD

Iac PROGRAM iy CAEF #20C
INFUT XT - 1.0

DAC FROGRAM FXAMFLE PHMEBFE §.
QUTFUT FORMAT:

TTME XpT AT = rT
UF um UNT
NINPT YINT THNT

GLO0Q00E+00
~C.B5101E401
0.75104E+401

0.42500E--01

~0+14021E+02
-0.7%104E4+01
0.,00000E+00

=0, 14918E4+00

0. 10000F+01
0L LAOD2TESOD
O0.75104E+01

0. 1029246400

-C.85104E4+01 ~0.75104E+01 = L E02TEAQD
0.7G10AE401 ¢ . 000Q0E+00 0.75104FE401
0, 12500E+00 C.82799E+401 =0 .85150E400

+72467E401
0.11153E+01

~-0.11153E+01
Q.795104E401

C.61214E4+01
0. 111S3E401

0.18750E400 0.66817E401 0. 44972E400
C.72467E401 ~0,111353E+01 0.41314E+4+01
0.11183E+401 0.75104E4+01 0.11153E401
¢.25000E+4+00 ¢.21853E4+00 =0, 22222E-01
0.189212E+4+00 ~0,943T7E400 =0 7G925E400
0.22837E+00 0.11183E401 0.924837E4+00
0.31250E+00 ~0.57475E401 -0.82408E~-02
0.189212E+00 ~0,94837E+00 ~0,75925E+00
0.94837E+00 0.,11153E+01 0.94837E400
0.37500E+0¢C ~0.28182E+00 ~Q3772GE400
0.32105E+01 0.18849E+01 0.50954E401
-0.18812E4+01 0.94837E4+00 -0.18849E+01
0.43750E+00 ~0.,299284E+00 ~0.39528E+00
0.,32105E+01 0.18849£+01 0.50954E4+01
~0.18849E+01 0.922837E400 ~0.18849E4+01
0.50000E+CO 0.31105E401 -0.41L446E400
0.35272E+401 0.49977E+401 0.85249E4+01
-0.49977E+401 ~0.18849E+01 -0.49977E401
0.56250E400 0.,33095E+401 ~0.21545E400
¢.35272€+01 0. A9977E401 C.85249E401
-0.49977E+01 -0.18849E4+01 -0+ 49977E4+C1

0.62500E+00

0.53461E-01

~0.37133E-0D

0.31602F-01 0. S0254E+01 0.50572E401
-0.50256F 401 ~0.A9977E4+CH SR Teb

TMet
t

0.10000E+01
~0.75104E+01
~0.85104E4+01

0, 10000E+01
~Q.75104E+01
~-0.85104E+401

~0.85150E+C0
¢.639S1E401
~0.85101E+4+01

-0.85150E+00
0.63951E+01
~(0.85104E+4+01

=0 22222E-01L
0.16690E4+00
~0.85104E+01

-0.,22222E~-01
0.16690E4+00
~0.885104E4+01

-0,37725E400
0.28333E+01
-0.85104E+01

~0.3?723E400
0.28333E4+01
~0.85104E+01

~0.41446E4+00
0.31128E401
~0.83104E+01

—0.41446E4+00
0.31128E4+01
=0.85104E401

~0.37133E-02
0.27889E-01
=0 .85104E401

0.10000E+01

0.10000E4+01

0.10000E+01

0.10000E+01

0.10000E+01

-0.50000E+01

=0.,30C00E+C1

~0+50000E+01

~0.50000E+4+01

~0.50000E+01

~0L.S50000F 40

hamamnn |

Figure 34. Output listing of results for Case #20.
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0.468750F400
0.314602E~-01
=0.50256F+01

0.75000E400
~0.20544F 401
-0.32125F401

Q. 31250E400
-0.20544E401
~0.32125E+401

0.87500E+400
~0.36272E401
-C.11506E~-01

0.923750E400
-0,346272E+401
-0.11506E-01

¢.10000E+01
-0.42751E-901
0.26222E-01

0.10625E401
~0.12751E~01
0.26222E-01

0.11250E401
-0.98795E+01
0.87448E+01

0.11875E401
-0.98795E4+01
0.87448E+01

0.12500E401
0.97465E401
0.14357E400

0.13125E401
0.97465E401
0.14357E400

0.13750E+401
0.24148E£+400
~0.69533E-01

0.14375E+401
0.24148E400
-0.69533E-01

0.15000E401
-0.746158E-01
=0.232346E-02

0.54881F-01
0.50256E401
-0.49977F+01

0.139295E401L
0.32125E+01
~0.50254E4+01

0.14890F+01
¢.32125FE401
~0.50256E401

-0.31895E401
0.11506F-01

-0,32128E+01

-0.33936E+01
0.11806F-01
-0.32125E401

0.993461E401
~0.2622DE-01
-0.1i506E-01

0.10572E402
-0.26222E-01
-0.11504E~-01

-0.17463E4+02
-0.87448E+01
0.26222E-01

-0.18581E402
~0.87448E+4+01
0.,26222E-01

0.84577E401
-0.14357E+00
0.87448E+01

0.89988E+01
-0.14357E+4+00
0.87448E401

0.28264E400
0.69533E-01
0.14357E400

0.30072E+4+00
0.,69533E-01
0.14357E+400

-0.64885E~-01

0.23234F-00
-0.4692533E-01

Figure 34,

-0, 09289E 03
0. 50572F 401
~0 . 507546401

Q0.2414CE+00
0. 1158LE+O1
~0.ID1D5F 401

0.33C214E+00
0. 116818401
-0, 32105F+01

0.42621E400
~0.3&615VE401L
~0.11506E-01

0, 22215400
~0.34157E401
-0.11506E~01

0.50234E-02
~0.468973E-01
0.26222E-01

0.64073F+00
-0.458973E-01
0.26222E-01

0.11409E401
~0.+18624E402
0.87448E401

0.43555F-01
-0.18624E4+02
0.87448E401

~0.11452E+01
0.926029E+01
0.14357E4+00

-0.60412E400
0.926029E+4+01
0.14357E4+00

~0.28374E-01
0.31101E400
~0.69533E~01

-0.10291E~-01
0.31101E+4+00
-0.69533E-01

0.89488E-02

-0 73ITAE-01
~Q.23236E-02

57

~0.37133E~-02
0.27889E~01

~0.85104E401

0.74140E400
-0.13130E+01
=0.85101E401

0.24140E400
-0.18130E+01
=0.85104E£401

0. 42621E400
~0.32010E+01
-0.85104E+401

0.42621E+00
-0.22010E+01
-0.85104E4+01

0.50234E-02
=0,37728E--01
-0.85104E+01

0.30234E-02
-0.37728£~-01
-0.85104E401

0.11609E+01
~0.87186E4+01
-0.85104E+01

0.11609E4+01
-0.871B6E+01
=0.85104E+01

=0.11452E+401
0.86012E4+01
-0.85104E+401

-0.11452E101
0.86012E+01
-0.85104E+4+01

-0.28374E~01
0.21310E+00
~0.85104E401

~0.28374E-01
0.21310E+00
-0.85104E+01

0.89488E-02
~0.67209E-01
-0.85104E+01

~-0.50000E+01

0.00000E+00

0.00000E£400

0.00000E+00

0.00000E+00

0.10000E+02

0.10000E402

0.CC000E+00

0.00000E+00

0.00000E+00

0.00000E+00

0.00000E+00

0.00000E+00

0.00000F+00

Output listing of results for Case #20 (continued),
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SDACFD

Figure 34,

CASE FARAMETERS:

INTEGRATION SCHEME:! RUNGA-KUTTA 4TH NRDER
INTEGRATION STEF SIZE: NT = 0.15623E~01
SAMFLE INTERVAL! ST = 0,12500E+00
DISTURBANCE: WT = 0.00000E+00

EQUATION FOR UNT: UNT — UF 4 UD

STEADY STATE OUTPUT?: X(T) = 0.79349E-02

STOF

58

Outnut listing of results for Case #20 (concluded).
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1, DAC program #1, Case #20.

Plot No.

Figure 35.
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Figure 36.

Plot No. 1, DAC program #1, Case #20.
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Figure 37.

Plot No. 3, DAC program #1, Case #20.
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Fipure 38.

Plot No. 4, DAC program #1, Case #20.
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Figure 39,

Plot No. 5, DAC program #1, Case #20.
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Fipure 40,

Plot No. 6, DAC nropram #1, Case #20.
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PLOT NO. 7; DAC PROGRAM 81, CASE $20.
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Fieure 41. Plot No. 7, DAC program #1, Case #20.
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Figure 43. Plot No. 9, DAC program f#1, Case #20.
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Figure 44. Plot No. 10, DAC program #1, Case #20.
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PLOT NO. 113 DAC PROGRAM 81, CASE 8s20.
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Figurc 45. Plot No. 11, DAC program #1, Case #20.
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TT0

DAC FROGRAM #14

INPUT XT = 0.0
FOR EXFONENTIAL DISTURRAMCFE (S
INFUT CWT - 1.0
INFUT AWT = 0.0

CASE #29

IAC FROGRAM EXAMFLE NUMRER |.
QUTFUT FORMAT

TIMF
(N
XINPT

0. 00000F+00
0.00000F+00
0.00000E+00

0.10000E+401
0.11889F-06
C.12000E401

XnT
tn
XINT

0.10000E+01
. 0O0CCOE+0D
0.00000E+00

0.11921E~-04
-0.10000E401
0.10000E+01

CASE FARNAMETERS:®
INTEGRATION SCHEME! RUNGA-KUTTA ATH ORDER

INTEGRATION STEF SIZE:

SAMPLE INTERVAI. ! ST -

BISTUREANCE !
EQUATION FOR UNT:
STEADY STATE QUTFUT!

--  STOP

Figure 46,

nr -

XT = YT
UNT
ZHNT

¢.00000E+00
0.00000E+00
0.,00000E+00

~0.13970E-07
-0.10000E401
0.10000E+01

0.15£25E~01
+12500E+400
WT = 0,.10000E401

UNT = UF + Un
X(T)

YNT
THF1
K

0.00000E+00
0.00000E+00
-0.85104E401

~0+13970E-07
0.10492E-06
-0.85104E+01

= ~Q.12107E-07

69

Outnut listing (condensed) of results for Case #29.
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0.10000E+01

0.10000E401
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PLOT NO. 1; DAC PROGRAM 81, CASE 8$29.
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Figure 47. Plot No. 1, DAC program #1, Case #29.
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PLOT NO. 1@; DAC PROGRAM $1, CASE 829.
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Figure 48. Plot No. 10, DAC program #1, Case #29,
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DAC FROGRAM #1,

INFUT XT = 1,0

FOR EXPONENTIAL
INFUT CWT

= 1,0

INFUT AWT = 0.0

CASE #31

DISTURBANCE (S)

NAC FPROGRAM EXAMFLE NUMBER 1.
OQUTFUT FORMAT:

TIME
UF
XINFT

0.00000E+00
-0.85104E+01
0.00000E+00

0.10000E+01
-0.79259E~-08
0.10000E+01

xnr
un
XINT

~0.,65104E+401
~0.75104E+401
0.00000E+920

0.00000E+00
~0.10000E+01
0.10000E+01

CASE FARAMETERS!

INTEGRATION SCHEME?
INTEGRATION STEF

SAMFLE INTERVAL ! ST =
DISTURBANCE?! WT = 0,10000E+4+01
EQUATION FOR UNT? UNT
STEADY STATE OUTFUT!?

Figure 49.

SIZE! DT =

XT = YT
UNT
ZHNT

0.10000E+01
-0.85104E+01
¢.75104E401

0.93132E-09
-0.10000E+01
Q. 10000E+01

RUNGA-KUTTA 4TH ORDER
0.15625E~01
0.12500E+00

uUr + UD
= 0.,923132E-09
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MY TR .7

YNT
THMF1
K

0.10000E+01
~0.75104E+01
~-0.85104E+01

0.923132E-09
~0.469944E-08
~0.85104E+401

Output listing (condensed) of results for Case #31.
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0.10000E+01

0.10000E+01
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PLOT NO. 1; DAC PROGRAM 81, CASE 831. ‘
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Figure 50. Plou No. 1, DAC program #1, case #31.

13

stk adts Ay

OERE T




3y

PLOT NO. 2; DAC PROGRAM 81, CASE $31.
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Figure 51.

Plot No. 2, DAC program #1, Case {#31.
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PLOT NO. 3; DAC PROGRAM 81, CARSE $31.
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Figure 52. Plot No. 3, DAC program #1, Case #31.
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PLOT NO. 4; DAC PROGRAM 81, CASE 831.
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Figure 53. Plot No. 4, DAC program #1, Case #31.
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PLOT NO. S; DAC PROGRAM 81, CASE $31.
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Figure 54, Plot No. 5, DAC program #1, Case #31.
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PLOT NO. 6; DAC PROGRAM 81, CASE $31.
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Plot No. 6. DAC program {1, Case #31.
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PLOT NO. 7; DAC PROGRAM $1, CASE 331.

3y

Figure 56 Plot No. 7, DAC program #1, Case #31.
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PLOT NO. 8; DAC PROGRAM 81, CASE $31.
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Figure 57. Plot No. 8, DAC ovrogram #1, Case #731.
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9; DAC PROGRAM 81, CASE $31.
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Figure 58. Piot No. ¢, DAC program #1, Case #31.
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PLOT NO. 10; DAC PROGRAM 81, CASE $31.

3y

Figure 59. Plot No. 10, DAC program #1, Case #31.

82

T e e ks g BTV REEES Y a4




10+300001°0-

10+300001°0-

in

w

N

Bk L NN

Ase) JO sI[ns

10+3¥0158° 0~
80-39$669°0
60-32€ETEC 0~

fo+3r01S8°0-
10+3¥015L°0
10+300001 °0-

p
Tdldl
INA

U, oy

92 4o (pasuapuod) Buriysy] andiny Q9 2andy4

d0iS -- 1dS0wu

80-32€TEC 0~ » (L)X $iNdINO ILVLS AQYILS
an + dnN = INN sINN ¥O034 NOILUNOD3
104300007 °0- = LA :30NVENNLSIA
004300S2T1°0 = 1S :TYNNILNT 3I1dWYS
10-3S52951°0 = LA $13ZIS d31S NOILVNOILNI
U3GU0 HiP ULLNI-YONNY :3W3HOS NOILVNDILNI
tS¥3L3Wv¥Yd 3ISYD

1043000010 10+300001 ° 0- 104300001 ° 0~
194300001 °0 10+300001°0 80-36526L°9
60-32€1E6°0- 00+300000°0 10+300007°0
10+3401SL°0- 00+300000°0 00+300000°0
10+3¥0158°0 16+3p01SL°0 10+3»0158°0
10+300001 0~ 10+3¥0159°0 00+300000°0
INHZ ANIX LdNIX
4NN an dn
1A = IX 4ax WIL

tlYNN04 LNdiNO
*T 43QHNN 214WYXI WUAD0¥d Jva

0°'0 = LAY INdNI
0°'T- = LAY LNdNI
1(S)3IINVENNLSIA TWILNINODXI 04
0°T- = IX lNdN]

2€¢

$ 3590 ‘1% WYNO0N¥d JYd

83

B QIR et PRy SRR

vt At Nar e B Apeh 4 AR S
. e




PLOT NO. 13 DAC PROGRAM &1, CASE 832.

Figure 61. Plot No. 1, DAC program #1, Case #32.
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PLOT NO. 3; DAC PROGRAM 81, CASE $32.

96606660

Fipure 62. Plot No. 3, DAC program #1, Case #32.
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PLOT NO. 10; DAC PROGRAM 31, CASE 832.
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Fieure 63. Plot No. 10, DAC program #1, Case #32.
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PLOT NO. 113 DAC PROGRAM 81, CASE 832.
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Figure 64. Plot No. 11, DAC program #1, Case #32.
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e PROGRAM ¥#1s CNASE #46
XT ~ ~1.¢

INEUT

FOE EYFONENTIAL DISTURBAMNCE (5)1

INFUT CWT =
INFUT AWT =

~1.0
Q0.0

DAC FREOGRAM EXAMFLE NUMBER 1.
CUTFUT FORMAT!S

T1ME
UF
NINFT

0. 00000F+00
0.25104E+01
Q. 7SO

Q. EPE000--0 )
0,85101F 401
SQL7ELCAELOL

OW L2SCOEACO
S0 ARTE O
-0t EES3E 0L

G 187GOF +00
<. 72067140
-0 1 LIS3E40L

CL2S0008 +00
-0, 1821L2E+00
-0.94837£400

0. 31250F+G0
-0. 1821 2E400
-0, 924837E4+00

0, 37500400
0.56467E-01
-0.99820F+00

C.43750E4+00
0.56467E-01
-0.99820E+00

0.5C000E400
0.24832F-02
-0.10004E4+C L

¢.56250E400
0,24832E-02
=0 10004100

xXnr
U
XINT

0. 12021F+02
0.75104E+01
0.00000E+00

0.14918FE+02
0.75104E+01
0. CO000E+C0

(. 62799401
Q. 111938401
-0, 75104401

-0.46817E4+01
O L11S3E+0)
=0 79510AF401

<0, 21852E+00
0.24837E+00C
=0, 111536401

-0.23251E+00
0.94837E400
-0, 11153E+01

0,48036E~01
0,99820E+00
-0 .94837E+00

0.5 109E-01
0.6 7820E+0C
-0 . 94A837E400

0.25864E-02
0.10004E4+01
-0.99820E+00

0.27518E-02
0.10004E+01
-0.99820E400

Figure 65.

T e YT
UNT
THNT

~0. 1000040
Q0. 1&071LE4+02
~Q 75104E+01

-0, 10294E400
0. LSO LE+OD?
=0, 75104E+01

0.85150E+4+00
~0,&1314E4+01
<0+ 111G53E+0

0.A4972E400
~0.A1314E4+01
-0 111538401

0.23222F-01
0.75925E+00
=0.94837E+CO

0. 8240BE-02
0.75925E+00
- . 94837E+CO

-0.66351E-02
0.10547E401
-0,99820E+00

~0.35418E-02
0.10547E+01
-0 .99820E+00

-0.29179E-03
0.10029E+01
~0.10004E+01

~0.+12631E-03
0.10029E401
=0 10704E+01

88

YNT
THFL
K

~Q.10000E4+01
0.75104E4+01
-0.85104E401

~0+10000E+01
0. 75104E4+01
~0.85104E4+01

0.8515CE+00
~0.63951E4+01
~0.85104E+01

0.85150E400
~0.63951E401L
-0, B5104E+01

0.22222E-01
~0 . 16690E+00
~0,.85104E+01

0.22222E-01
~0, 16690E+00
~0.,85104E+01

~0.66351E-02
0., 49832801
~0,85104E401

~0.66351E-02
0.A9832E-01
-0.85104E+401

~0.29179E-03
J21914E-02
-0.85104E+01

~0.29179E-03
0.21914E-02
~0,.895104E+4C1

Output listing of results for Case #46.

WT

-0 ,10000E+01

-0.10000E+01

-0.10000E+01

-0.10000E401

-0.10000E+01

-0.10000E+01

-0.10000E+01

-0,10000E401

~0.10000E401

=0, 10000E+01

b 8wkt R o 0, .

oA




*(POpnNIouod) 94y 9se) 103 s3I[nsax jo Jurasiy IndIng

1043000010~

T0+300001* 0~

T0+30000T 0~

TU+300001 0~

1044000010~

10+300001° 0~

7043000010~

T0+3¢0158° 0~
90-36L69C°0
£0~-39585¢° 0~

T0+3v0158° 0~
SO~-3ISLEEPC O
P0-3¢506L 0~

1043401980~
QO-3BLeP”
P03V P0LE O~

TO+3v0158° 0~
VO-3860V 0
S0~-3640CE°0

TO+34G158° 0~
YO~-3L60VC 0
S0-36£0CE°0

TO+AYOTS8 0~
£O-3998L8° 0~
vO-3ESL6V°0

TO4+3V0IL8 0~
£O- 39920~
YO-3EhL6V 0

£0-38PE0E£°0- =
an + 4N

00+3005CT1°0
10-35C9ST*°0 =
HIAIHO0 HIv YILAN-YONNMY

1043000010~
T0+300001°0
£0~-39588¢ ¢ 0~

T0+30000T°0-
10+300001°0
P0-3T6L6T° 0

10+300001° 0~
10+300007°0
P0-3VF0SL 0

10+300001° 0~
00+3£46666°0
SO0-3Tv8VTI° 0

1043000010~
G0+346666°0
SO-36L0CE°0

10+300001° 0~
00+309666°0
v0-3C0cLcC ¢

104+300001° 0~
004+309666° 0
PO-FECLE6V 0

‘69 2andig

4018 -

$1NdiN0 34VLS AQV3LS
AN JANM ¥04 NOILVND3I
T0+306000T°0~ = 1M 3DNVAINLSIA
= 15 {TWANALNI 374WvS

$3ZIS d31S NOILYYO3LINI
$IH3HIS NOILVNSILNI

tSHILINVNYL ISYD

T0+30000T 0~
1043000010
?0-3£9L8E°0

104300007 *0-
10+300007°0
SO-3FPL0SC* 0

T0+300001° 0~
T10+300001°0
SO0-3cvBEC O

10+300001° 0~
1043000010
v0-30£98C°0-

1043000017 ° 0~
1043000010
rO0-31¢69° 0~

T0+3¥ 0001 ° 0~
16+300001°0
£0-3£0548 0~

TO+3¥000T° 0~
T0+300001°0
£6-3IVYCBE° 0~

104300001 °0-
?0-351S0£°0
10+3000017°0

1043000071 °0-
50-31v86C°0
00+308L86°0

1043000010~
S0-31vB6C 0
0043005¢8°*0

10+300001 0~
v0-3T0ELC* O~
00+305218°0

T10+300001° 0~
vO-3T0LLC 0
00+30005L°0

T10+30000T 0~
£O-3CvECY * 0~
00+30548B%°0

104300001 ° 0~
£0-3ChECH O~
00+3006c?* 0

Gll

89




Y

PLOT NO. 1; D C PROGRAM 81, CASE $46.
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Fipure 66. Plot No. 1, DAC nropram #1, Case #46.
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PLOT NO.

3; DAC PROGRAM 81, CASE 846.
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Figure 67.
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Plot No. 3, DAC program #1, Case {46,
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PLOT NO. 10; DAC PROGRAM $1, CASE $46.

I N |

w"‘w

[ W S §

J S W

S I B I |

11 1 1}

1 4 t |

Fieure 68.

Flot No. 10, DAC program #1, Casce #46.
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PLOT NO. 11; DAC PROGRAR 81, CASE 846.

Figure 69. Plot No. 11, DAC program #1, Case #46,
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